Background {#S0001}
==========

With an aging population, coronary heart disease has become a serious threat to human health. Metabolic syndrome (MetS) is an established cardiovascular risk factor and has been used to assess cardiovascular and mortality risk in multiple populations.[@CIT0001] To date, the pathophysiological mechanism of MetS is still unclear. Central obesity is prevalent in MetS and is highly associated with type 2 diabetes (T2D) and cardiovascular disease. Studies have demonstrated that obesity, insulin resistance, and T2D are inextricably linked to macrovascular disease and a systemic low-grade inflammatory response.[@CIT0002] First proposed in 2006, the concept of metabolic inflammation (Metflammation) mainly refers to the inflammatory process triggered by excess nutrients and metabolism; its molecular mechanism and signaling pathway are similar to those of traditional inflammatory reactions, but it involves chronic, low-grade inflammation.[@CIT0003] The high prevalence of MetS is closely related to changes in living habits, genetic factors, and age. Eating more and exercising less lead to an excess of nutrients and metabolism; this stimulates inflammatory processes, which result in the secretion of inflammatory factors.

Metabolic inflammatory syndrome (MIS) consists of a cluster of metabolic diseases (obesity, non-alcoholic fatty liver disease \[NAFLD\], T2D, and atherosclerosis), and macrophages play an important role in its manifestation.[@CIT0004]--[@CIT0006] Patients with two or more of the metabolic disorders listed above could be diagnosed with MIS. In patients with T2D, MIS is a better predictor of coronary heart disease than MetS;[@CIT0007] thus, MIS could have better clinical applications than MetS in improving early screening, prevention, and research of metabolic diseases.

Adiponectin is an adipocyte-derived cytokine that is closely associated with obesity, altered body fat distribution, insulin resistance, and atherosclerosis. It plays an important role in maintaining metabolic homeostasis.[@CIT0008] The relationship between adiponectin and cardiovascular disease has been studied over the past two decades.[@CIT0009] Research shows that adiponectin is an independent predictor of aortic atherosclerosis in T2D patients.[@CIT0010] Thus, it is considered to be an anti-inflammatory and anti-atherogenic protein. However, serum adiponectin levels in MIS remain unknown. Considering the high prevalence of metabolic diseases in older adults, we aimed to examine the relationship between circulating adiponectin and atherosclerosis in older adults with MIS.

Methods {#S0002}
=======

Participants {#S0002-S2001}
------------

A total of 136 patients (≥60 years old) from Xuanwu Hospital, Capital Medical University were recruited from July 2014 to April 2015 for this cross-sectional study. The study included patients aged 60 years or more who agreed to participate in the study. Patients with acute heart failure, autoimmune disease, infectious disease, cancer, liver dysfunction, and blood system disease were excluded. Ethics Committee of Xuanwu Hospital Capital Medical University approved this study. All participants signed an informed consent form before the enrollment.

Data Collection {#S0002-S2002}
---------------

A questionnaire was administrated to collect information on chronic diseases, family status, economic status, and occupation. Echocardiography, carotid ultrasound, and lower extremity vascular ultrasound data were also collected. Blood samples were collected after overnight fasting. Inflammatory markers, such as white blood cell count and C-reactive protein (CRP) levels, and lipid markers, such as triglycerides (TG), total cholesterol (TC), low density lipoprotein cholesterol (LDL-C), and high-density lipoprotein cholesterol (HDL-C), were tested. The insulin resistance index (IRI) was calculated as follows: IRI= fast plasma glucose (mmol/L) × fast serum insulin (mIU/L)/22.5. Circulating adiponectin was measured using ELISA, following instructions provided by the manufacturer (R&D Systems, Minneapolis, MN, USA).

MIS Criteria {#S0002-S2003}
------------

Patients with two or more of the following four diagnoses (atherosclerosis, T2D, NAFLD, or obesity) were considered to have MIS. For a diagnosis of atherosclerosis, at least one of the following diagnostic criteria had to be met: a clear history of coronary heart disease or a diagnosis of coronary heart disease using echocardiography, coronary angiography, electrocardiogram, or other diagnostic methods; a history of cerebrovascular disease or a CT- or MRI-based diagnosis of cerebral hemorrhage or cerebral infarction; carotid artery with plaque or stenosis; lower extremity arterial stenosis, atherosclerosis, or occlusion; or the presence of fundus arteriosclerosis. The criteria indicating the presence or absence of cardiovascular disease was determined by reviewing the results of echocardiography, coronary angiography, electrocardiogram, and carotid ultrasound.

Statistical Methods {#S0002-S2004}
-------------------

EpiData software was used to input data, and secondary input and automatic verification were performed to ensure the accuracy of data entry. All data were processed using the SPSS 11.5 (SPSS Inc., Chicago, IL) or GraphPad Prism 7.0 software (GraphPad Software Inc., CA, USA), Data were presented as mean ± standard deviation or mean rank or number and percentage. The difference in the characteristics between the two groups was evaluated by chi-square test or Fisher's exact probability method for categorical variables, independent *t*-test for continuous variables and Kruskal--Wallis comparisons for the abnormally distributed continuous variables. Stepwise logistic regression was done to explore the association between the various factors as independent variables and MIS as the dependent variable. *p* \< 0.05 was considered statistically significant.

Results {#S0003}
=======

The 136 elderly inpatients were divided into two groups: the MIS group (n = 104) and the non-MIS group (n = 32). MIS patients were more likely to be younger, smokers, and have a higher body mass index than non-MIS patients, whereas there was no difference in waist--hip ratio between the two groups ([Table 1](#T0001){ref-type="table"}). Elderly adults with MIS had higher fasting blood glucose levels and more fundus arteriosclerosis than elderly adults without MIS, while there were no differences in lipid levels, fasting insulin levels, IRI, carotid plaque, or carotid stenosis ([Table 1](#T0001){ref-type="table"}).Table 1Comparison of Characteristics, Lipids, Insulin Resistance and Inflammation Between the Two GroupsMIS (n = 104)Non-MIS (n = 32)*χ*^2/t^*p*Characteristics Age (y)68.08 ± 8.8073.78 ± 9.823.1210.002 Gender (Male, n, %)58 (55.8)15 (46.9)0.7790.378 Smoking (n, %)38 (39.2)3 (13.0)5.6440.018 WHR0.96 ± 0.060.93 ± 0.071.9000.060 BMI (kg/m^2^)26.15 ± 3.3623.26 ± 3.14.254\< 0.001Lipids TG (mmol/L)1.91 ± 1.541.70 ± 1.140.7120.477 TC (mmol/L)4.55 ± 1.454.51 ± 1.220.1400.889 LDL-C (mmol/L)2.72 ± 1.232.55 ± 0.890.7290.467 HDL-C (mmol/L)1.36 ± 0.401.51 ± 0.461.7820.077Insulin resistance Glu (mmol/L)7.66 ± 2.545.17 ± 0.748.828\< 0.001 FINS (IU/L)12.56(7.95--23.52)11.99(11.13--25.52)1.3280.059 IRI4.14(2.33--7.69)3.04(2.36--5.39)1.2900.072AS Carotid plaque (n, %)95(96.0)24(85.7)2.3400.126 Carotid stenosis (n, %)26(26.3)5(18.5)0.6867.238 Fundus arteriosclerosis (n, %)71(81.6)1(20.0)7.2380.007Inflammation WBC (10^9^/L)7.04 ± 2.326.81 ± 1.572.8030.006 CRP (mg/L)2.21(0.91--4.72)1.01(0.54--6.70)1.5770.014Adiponectin Adiponectin (ng/mL)4044.90 ± 3906.828503.89 ± 3523.895.772\< 0.001[^2]

The MIS group had a lower level of adiponectin (4044.90 ± 3906.82 ng/mL vs 8503.89 ± 3523.89 ng/mL, *p* \< 0.001) and higher white blood cell counts (7.04±2.32 10^9^/L vs 5.81±1.57 10^9^/L, *p* = 0.006) and CRP levels (2.21 \[0.91--4.72\] mg/L vs 1.01 \[0.54--6.70\] mg/L, *p* = 0.014) than the non-MIS group ([Table 1](#T0001){ref-type="table"}). The results of logistic regression are shown in [Table 2](#T0002){ref-type="table"}. Lower adiponectin (*p* \< 0.001), higher fasting glucose levels (*p* \< 0.001) and smoking (*p* = 0.007) were independently associated with MIS.Table 2Multivariable Logistic Regression of Factors Associated with MISVariablesBSEWald*p*OR (95% CI)Smoking2.3350.9665.8430.01610.334 (1.556--68.653)Higher glucose3.2661.1528.0390.00526.216 (2.741--250.712)Lower ADPN3.1330.90112.0890.00122.937 (3.923--134.120)Constant−7.2611.61320.2650.0000.001[^3][^4]

In subgroup analysis, we divided the MIS patients into two subgroups based on the presence or absence of vascular disease. We found lower adiponectin levels in the MIS subgroup with vascular disease than in the MIS subgroup without vascular disease (7194.38 ± 4615.83 ng/mL vs 2673.29 ± 1930.05 ng/mL, *p* = 0.001).

Next, we compared adiponectin levels between each of the four diseases that constitute MIS. Among the 104 MIS patients, there were 87 (83.7%) patients with atherosclerosis, 56 (56.7%) patients with NAFLD, 86 (82.7%) with T2D, and 29 (27.9%) patients with obesity. [Figure 1](#F0001){ref-type="fig"} shows that adiponectin levels were lower in the MIS subgroups with atherosclerosis (2374.14 \[1496.41--4263.90\] ng/mL vs 6037.48 \[3865.61--10,373.60\] ng/mL, *p* \< 0.001) and T2D (2391.73 \[1386.41--4069.68\] ng/mL vs 8916.03 \[5801.14--12,724.45\] ng/mL, *p* \< 0.001) than in the non-MIS group.Figure 1Comparison of adiponectin levels between each of the four diseases that constitute MIS. Circulating adiponectin levels were compared between AS group and non-AS group (**A**), T2D group and non-T2D group (**B**), NAFLD group and non-NAFLD group (**C**), and obesity group and Non-obesity group (**D**).**Abbreviations:** MIS, metabolic inflammatory syndrome; ADPN, adiponectin; AS, atherosclerosis; T2D, type 2 diabetes; NAFLD, non-alcoholic fatty liver disease.

Discussion {#S0004}
==========

Adiponectin levels were significantly lower in elderly patients diagnosed with MIS than in elderly patients not diagnosed with MIS. Adiponectin levels were also significantly lower in the vascular disease, atherosclerosis, and T2D subgroups of MIS than in the non-MIS group. This is consistent with the previous research on the important regulatory role of adiponectin in the development of atherosclerosis.[@CIT0011] Adiponectin is one of the most abundant adipokines secreted by fat cells. The human *adiponectin* gene is located on chromosome 3q27; mutations at this site predispose people to diabetes and cardiovascular disease.[@CIT0012] Low adiponectin levels are a risk factor for atherosclerotic disease. Consistent with its role in regulating atherosclerosis, plasma adiponectin levels are associated with atherosclerosis markers, such as inflammation, oxidative stress, and endothelial dysfunction.[@CIT0011] Although most studies found low adiponectin levels to be a risk factor for cardiovascular disease, higher adiponectin levels are positively associated with cardiovascular disease in diabetic cohorts with[@CIT0013] and without cardiovascular disease.[@CIT0014] Other studies found no association between adiponectin and cardiovascular disease.[@CIT0015],[@CIT0016] A review unraveled the seemingly paradoxical association between adiponectin and cardiovascular disease; moderate levels of adiponectin exert protective effects on the cardiovascular system while high adiponectin levels indicate advanced cardiovascular disease.[@CIT0017] Adiponectin is known to play protective roles in other tissues as well. The role of adiponectin signaling in skeletal muscle has expanded beyond that of a metabolic regulator to include several aspects of skeletal muscle function and maintenance critical to muscle health.[@CIT0018]

This study showed that patients with MIS have a higher body mass index. Obesity is an inflammatory state. Adipocytes, particularly visceral fat cells, play an important endocrine role in inflammation and dysregulated insulin sensitivity. For excess fat storage, visceral fat cells secrete large amounts of inflammatory cytokines, such as interleukin-6, tumor necrosis factor-α, and chemokines.[@CIT0019] These chemokines, in turn, promote the migration of macrophages to adipose tissue and greatly increase the release of cytokines. Excessive visceral adipose tissue combined with pro-inflammatory conditions produces systemic inflammation, which increases central obesity.

White blood cell count and CRP levels were elevated in the MIS group compared to those in the non-MIS group, supporting the idea that MIS is a chronic, low-grade inflammatory state. CRP is a non-specific product that is produced in response to infection or tissue damage during the acute phase of inflammation. There is increasing evidence that the inflammatory process plays an important role in the development and progression of atherosclerosis and its complications.[@CIT0020] Lipid-rich macrophages, or foam cells, are characteristic of early atherosclerosis. Macrophage polarization is one of the contributing factors for vascular disease.[@CIT0021] Adiponectin inhibits the proliferation of granulocyte-monocytes and inhibits the function of mature macrophages, negatively regulating the immune and inflammatory responses in endothelial cells of the vascular wall.[@CIT0022]

This study showed that adiponectin levels were reduced in patients with T2D. Adiponectin is negatively correlated with the risk of T2D.[@CIT0023] Overnutrition and hyperglycemia can lead to the activation of inflammatory pathways and can increase pro-inflammatory cytokines, such as tumor necrosis factor-α and interleukin −6, which severely inhibit adiponectin, influencing the development of insulin resistance.[@CIT0024] Adiponectin is negatively correlated with fatty acid oxidation, which increases ceramide and diglyceride in plasma and tissues, both of which are believed to inhibit insulin signaling.[@CIT0025]

This study showed that MIS, specifically atherosclerosis, vascular disease, or T2D, was associated with lower levels of adiponectin, which suggests that a low adiponectin level is a risk factor for coronary heart disease. However, due to the lack of longitudinal data and the small sample size, further studies are needed to confirm these results.

Conclusions {#S0005}
===========

Low adiponectin levels could potentially be used as a biomarker for the progression of MIS, enhancing early assessment of pathology in patients with coronary heart disease.
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